1. Web-location cannot be designed simply to optimize foraging success, but must be a compromise between competing factors, including microhabitat parameters (physical structure, microclimate) and predator avoidance. 2. We tested the hypothesis that, despite these compromises, linyphiid spiders managed to locate their webs within microsites with enhanced prey resources. 3. We tested further the 'equilibrium' hypothesis that spiders, within a community of species, occupy different, relatively narrow niche axes and despite being generalists do not simply aggregate to the same resources. 4. In the first study of its kind, prey resources at web-sites were compared with those at matched non-web-sites with the same microhabitat properties. This was carried out for two subfamilies of Linyphiidae, one of which (Linyphiinae) is web-dependent and locates its web just above the ground, and the other (Erigoninae) is less web-dependent, locating its web on the ground and often hunting away from its web. We hypothesized that these subfamilies would locate their webs at microsites with enhanced densities of the prey most likely to be captured by their contrasting foraging strategies. We used spider weights as a surrogate for nutritional state, and compared spiders in webs with those without webs. 5. We found that even within a relatively uniform crop of wheat, spiders located their webs at microsites with greater prey resources. The most numerous prey, Collembola, were at significantly greater density at web-sites of both subfamilies of spider. However, there were significantly more Collembola at web-sites of the surface-hunting Erigoninae. By contrast, significantly more non-Collembola prey, especially aphids and Thysanoptera, were found at web-sites of the Linyphiinae, whose aerial webs might be expected to intercept such prey more efficiently. 6. These differences were also present at matched non-web-sites, suggesting that microsite selection by the spiders was determined by the spectra of prey present. Comparison of the weights of web-owning and non-web-owning Tenuiphantes tenuis (Linyphiinae) demonstrated the nutritional benefits of web-owning. 7. The results suggested that the spiders used a combination of web-location strategies at the microhabitat level, foraging behaviour and (known) high-intensity intraspecific competition, to exploit prey-rich microsites efficiently within fields in a dynamic manner.
Introduction
Foraging strategies by animals have been studied extensively in relation to maximizing energy intake and fitness (e.g. Charnov 1976; Pyke 1984; Stephens & Krebs 1986) . However, as highlighted by Pierce & Ollason (1987) , foraging is rarely a wholly independent activity; independent, that is, from the need to evade predators, to find a mate or to hold onto a safe refuge, for example. This lack of independence, but strong interdependence, has been used to attack practical applications of optimal foraging models. We wished to test the hypothesis that, despite these potential sources of error, a group of generalist predators, linyphiid spiders, living within a relatively homogeneous ecosystem (a crop of wheat), were managing to locate their webs at sites where prey were aggregated at the microhabitat level. We further wished to test the hypothesis that this web-location behaviour, although limited by powerful constraints on the type of sites suitable for the construction of webs, resulted in an improved nutritional status for the spiders. We wished to establish whether or not this would be detectable despite the need to satisfy other constraints on web-location imposed by microhabitat properties (temperature, humidity, light levels, protection from wind, etc.) and the need to satisfy other survival parameters, including predator avoidance and mate finding.
Marginal value theories (Charnov 1976 ) can be applied to patch residence time only when the quality of a site is reduced continuously and predictably by patch depression through predation (Stephens & Krebs 1986 ). However, with linyphiid spiders there is continuous inter-and intraspecific competition for web-sites, with rapid displacement of one spider by another. For example, adult female Linyphiinae, such as Tenuiphantes tenuis (Blackwall) (= Lepthyphantes tenuis ), compete strongly for web-sites, with larger spiders evicting smaller ones, resulting in a mean residence time for an individual spider in a web-site of below 2 days (Samu et al . 1996) . Thus the residence time of an individual spider in a web-site (as distinct from choice of web-site) may be less to do with site quality and more with the dominance hierarchy within a spider population or community. Although it might be assumed that spiders will change their web-sites when prey availability becomes inadequate, Smallwood (1993) showed that, paradoxically, long-jawed spiders were more likely to relocate their webs where prey density was high as a result of increased intraspecific competition between the spiders. The residence time of a web-site, rather than of a particular spider at a particular web-site, may therefore be a more relevant indicator of site quality. Whether or not a site is abandoned will depend on the density of competing sites of equal or better quality. However, whether depletion of prey at web-sites occurs will also depend upon both the hunting strategy of the predator and the mobility of the prey. For example, among the Linyphiidae there are two subfamilies. Erigoninae construct small sheet webs in the horizontal plane on or very near to the ground (Sunderland, Fraser & Dixon 1986; Alderweireldt 1994a) , which are used both for direct capture of prey and as a base from which to actively pursue prey (Alderweireldt 1994a) . In contrast, Linyphiinae build relatively large horizontal webs a few centimetres above the ground (Sunderland et al . 1986; Alderweireldt 1994a) , using vegetation for the attachment of silk. Linyphiinae rarely hunt away from the web and are strongly reliant upon it for the capture of prey (Alderweireldt 1994a) . Thus, two closely related groups of spiders have evolved simple but contrasting foraging strategies. We tested the hypothesis that any local aggregation to prey density would be determined by the types of prey most readily captured by the contrasting foraging strategies of the spiders. Thus it might be predicted that web-dependent species (Linyphiinae) would locate their webs where they were likely to capture more active flying insects, while species that also hunt over the soil surface (Erigoninae) might be affected strongly by the densities of less mobile epigeal prey. Harwood, Sunderland & Symondson (2001) showed that linyphiid spiders were not locating their webs at random within wheat fields but selecting web-sites where prey density was higher than at random non-web-sites. However, even within superficially uniform wheat fields there is considerable microhabitat heterogeneity. For example, webs might be located within rows of wheat plants or between them. Such spatial heterogeneity affects both the suitability of microsites (defined as a potential web-site within a microhabitat) for web-location (which in turn will be different for different spider subfamilies and species) and the distribution of prey that are similarly responsive to microhabitat variables (Adams 2000) . In this study, therefore, we based our prey sampling protocol upon pairwise matching of spider web-sites with non-web-sites possessing the same microhabitat properties. This allowed us to test the hypothesis that the spiders and prey were simply responding to the same microhabitat cues; should this be occurring then web and matched non-web-sites should have the same mean density of prey, or there could even be fewer prey at web-sites through prey depletion. Should the Linyphiinae and Erigoninae be responding spatially to different types of prey then an analysis of prey density at web-sites of these two subfamilies should reveal such differences, which might suggest resource partitioning and hence avoidance of competition. We also wished to test the hypothesis that the different microsites to which the different spider subfamilies were responding would show differences in the relative abundance of different types of prey. Comparison of prey density and type at non-web-sites, which were matched structurally to the web-sites of the Linyphiinae and Erigoninae but not chosen by them as web-sites, provided a means of testing this hypothesis.
The combination of exploitation of structurally different microhabitats within the same arable ecosystem (including a degree of vertical stratification) with differences in hunting strategies may allow coexistence between different species and subfamilies of Linyphiidae. Such separation of species may have evolved as a mechanism permitting close association within adjacent but more spatially confined niche axes, reducing interspecific competition. Spider communities can be remarkably diverse in wheat fields (Sunderland, Chambers & Carter 1988 ). There are many parallels between the organization of plant communities and communities of web-building spiders in habitats such as species-rich hay meadows. Despite Gause's competitive exclusion principle (Crawley 1997) , ecologically similar plant species do coexist in such habitats, as do a range of web-building spiders which share similar areas of resource space. There are many competing theories for coexistence of plant species, both equilibrium and stochastic (reviewed in Crawley 1997; Silverton & Charlesworth 2001) . Different spider species may each favour a particular microhabitat for web construction (just as different plant species may favour particular microhabitats), or they may respond to a combination of different conditions (equilibrium theories). Alternatively, a less competitive species may survive in the presence of a more competitive species in a fluctuating environment if, for example, the less competitive species does better at some point in the fluctuation cycle or is better at dispersal (non-equilibrium theories). Many other factors, including predation (of the spiders) or existence of refugia (from more competitive species) may be involved. Here, however, we test the theory that the spiders occupy different, relatively narrow niche axes and, despite being generalists, do not simply compete for, and aggregate to, the same resources.
It is reported commonly that a high proportion of individuals in spider populations are frequently in a state of semi-starvation (Anderson 1974; Riechert 1992; Bilde & Toft 1998) and that food availability can often be a limiting factor to population density (Brown 1981; Wise 1993) . If the food supply is also spatially and temporally heterogeneous there will be strong selection pressures on web-building spiders to evolve efficient mechanisms for locating and defending prey-rich web-sites, and develop a behavioural repertoire of dynamic relocation in relation to shifting resource levels (Janetos 1982; Olive 1982; Gillespie & Caraco 1987; Uetz 1992) . Where prey resources are good the optimal strategy would appear to be not to relocate if it can be avoided (Leclerc 1991) . Spiders that have lost their webs, or been ousted by more dominant individuals, would be expected to be at a nutritional disadvantage. We wished to test the hypothesis that this would affect the web-dependent Linyphiinae more strongly than the less web-dependent Erigoninae. This could be done by weighing all spiders in the field study and interpreting weights in terms of recent feeding history, by reference to spiders of known nutritional status in the laboratory (Riechert 1992 ).
Materials and methods

 
The study was carried out in four fields (7-14 ha) of winter wheat at Horticulture Research International, Warwickshire, UK.
Linyphiid spiders were collected every 2 weeks from early May until harvest (late July 1999). Two complementary sampling techniques were used and described in detail by Harwood et al . (2001) . Mini-sticky traps (7·5 cm 2 ) were placed on the ground and left in situ for 24 h, providing a cumulative measure of invertebrate activity-density; these traps collect ground-active, falling and flying invertebrates. A ground search within mini-quadrats (78·5 cm 2 ) provided an instantaneous measure of arthropod abundance which, although less efficient at monitoring flying insects, was more accurate for recording densities of less active invertebrates. Weather conditions may also affect the efficiency with which each trapping system operates, as the activity and movement patterns of insects can change in response to temperature, humidity or light levels. We assumed that if either trapping system showed a significant difference between treatments, then that represented a reliable record of invertebrate abundance, even if the other trapping system showed no significant differences. Ministicky traps and mini-quadrats are henceforth referred to as 'sticky traps' and 'quadrats'.
Spiders were collected at random, either from webs or from the parts of the ground surface or on the vegetation where webs were not present. They were collected by pooter and placed into separate 1·5 mL Eppendorf tubes on ice. The spiders were killed by freezing at − 20 ° C within 1 h of collection and categorized as either 'web-owners' if they were collected from within a web, or 'non-web-owners' if found elsewhere. Non-web-owners were collected from areas of wheat that were not included in the matched microhabitat sampling (see below). If more than one spider occupied a single web all spiders present were categorized as 'web-owners' and were assumed to have occupied a single web-site. Webs containing spiders were paired with non-web-sites which were chosen by selecting a location as visually similar as possible to the web-site in terms of microhabitat structure. For example, if a web was within a row of wheat stems, a paired non-web-site (up to 30 cm away) was selected that was also within a row of structurally similar wheat stems, but which contained no web. Sampling, using sticky traps or quadrats, was always carried out in pairs to enable direct comparisons between prey densities at web and non-web-sites. Unless stated otherwise, sampling was as described in Harwood et al . (2001) . The four fields were always sampled on the same day using both monitoring techniques ( n = 15 paired samples per sampling technique per date per field, on seven sampling dates).
     
Ten individuals of each potential prey species were collected from the field and weighed. The mean weight for each species was used to calculate total prey biomass collected during sampling. Spiders collected by pooter were also weighed because spider mass is known to be a good indicator of nutritional condition (Nakamura 1977) .
      T . T E N U I S
Male and female T. tenuis were collected from the field and placed individually in 50 × 15 mm triple-vented Petri dishes containing a plaster of Paris and charcoal base to ensure high humidity. Spiders were provided ad libitum with live Drosophila melanogaster Meigen (Diptera: Drosophilidae) and Isotoma anglicana (Lubbock) (Collembola: Isotomidae) for 24 h, transferred into new containers and starved for 2 weeks. Fifteen spiders of each sex were allocated randomly to six feeding regimes (16 ° C, 16L : 8D). Spiders were fed one D. melanogaster every day, or every 2nd, 3rd, 4th, 6th or 12th day. All spiders were weighed before the start of the feeding trial, on day 12 (prior to feeding), day 13 (one day after feeding) and again on days 24, 25, 36 and 37. If at any stage the spider died, data collected from those individuals at earlier time periods were excluded.
 
The classification of arthropods as potential prey for linyphiid spiders was based on data from published literature and prey acceptability trials (reviewed in Harwood et al . 2001) . Throughout the text any reference to 'prey' refers to acceptable prey items only.
All arthropod population data (numerical and biomass) were log 10 ( x + 1)-or sqrt( x + 1)-transformed prior to analysis by paired sample t -tests or  . The number and biomass of individual prey taxa (Collembola, Diptera, Hymenoptera, Coleoptera, Aphididae and Thysanoptera) expressed as a proportion of the total prey captured were arcsine-transformed. When variances of less common prey taxa could not be stabilized, non-parametric analyses were performed.
Results
Spiders captured in winter wheat fields were dominated by the linyphiid subfamilies Erigoninae ( n = 374 webowners and n = 256 non-web-owners) and Linyphiinae ( n = 724 web-owners and n = 291 non-web-owners). The Erigoninae consisted primarily of three species, Erigone atra (Blackwall) ( n = 321), E. dentipalpis (Wider) ( n = 85) and Oedothorax spp. ( n = 112), and the Linyphiinae were dominated by T. tenuis ( n = 612) and Bathyphantes gracilis (Blackwall) ( n = 205).
 
Numbers of prey captured are shown in Fig. 1 . The relative importance of different prey taxa depended upon whether numbers or biomass were analysed. For example, as proportions of total prey captured within quadrats, Collembola constituted 0·85 of prey items numerically, but only 0·58 of prey biomass. Both Diptera and Aphididae were consistently a more important food resource, in terms of biomass, than their numbers suggested, while the smallest prey, Thysanoptera and Collembola, were less so.
Importantly, when linyphiid web and non-web-sites were matched for microhabitat structure, the number of prey items within web-sites was significantly greater, whether monitored by sticky traps (mean per web-site 3·54 ± 0·21, per non-web-site 2·45 ± 0·14) ( F 1,784 = 48·76, P < 0·001) or quadrats (mean per web-site 13·12 ± 0·68, per non-web-site 7·48 ± 0·49) ( F 1,784 = 109·94, P < 0·001). Similarly, web-sites contained a significantly greater biomass of prey compared to paired non-web-sites on both sticky traps (mean per web-site 0·99 ± 0·06 mg, per non-web-site 0·69 ± 0·04 mg) ( F 1,784 = 31·60, P < 0·001) and within quadrats (mean per web-site 2·82 ± 0·14 mg, per non-web-site 1·58 ± 0·10 mg) ( F 1,784 = 102·34, P < 0·001). Differences between prey at web (grey bars) and nonweb (white bars) sites of linyphiid spiders (*P < 0·05, **P < 0·01 and ***P < 0·001). Means (± SE) presented per cm 2 for number of prey captured on sticky traps (a) and quadrats (b), biomass [µg] of prey captured on sticky traps (c) and quadrats (d). Mean number of Araneae are also presented and corrected to x + 1 to account for the web owner in web-centred quadrat catches. Biomass of Araneae are not presented.
Significantly more Collembola, Coleoptera, Aphididae and Araneae were captured on sticky traps within web-sites compared to matched non-web-sites nearby (Fig. 1) . However, of these, only the biomass of Collembola was significantly greater at web-sites compared to non-web-sites. The only instance where there were significantly fewer individuals captured at web-sites was for Hymenoptera, but their mean biomass was greater at web-sites. Quadrat data indicated that the number and biomass of Diptera (as well as Collembola, Coleoptera and Aphididae) were significantly greater at web-sites as well.
Despite the fact that few Collembola would be available at the level of Linyphiinae webs, there were nevertheless more Collembola (and total prey) at both Linyphiinae and Erigoninae web-sites than at matched non-web-sites when these subfamilies were analysed separately (Tables 1 and 2 ). The comparisons were significant whether numbers or biomass were analysed and regardless of trapping system. Interestingly, however, there were up to twice as many Collembola at web-sites of Erigoninae than at those of Linyphiinae. The only other group that were more numerous at the web-sites of Erigoninae, than at non-web-sites, were Coleoptera (Table 1) . By contrast, Coleoptera, Aphididae, Hymenoptera, Thysanoptera and Diptera were all significantly more abundant in Linyphiinae web-sites than in non-web-sites using one or both trapping systems (Table 2) . Overall, quadrat data showed that there were significantly greater numbers ( F 1,438 = 5·52, P < 0·05) and biomass ( F 1,438 = 8·94, P < 0·01) of non-Collembola prey at the web-sites of Linyphiinae compared with Erigoninae. Sticky traps showed no significant differences.
Despite these differences, the number of prey were similar at web-sites of the two spider subfamilies. However, significantly more Collembola were captured at web-sites of Erigoninae compared to those of Linyphiinae (Table 3) . Among the less common prey, significantly more Aphididae and Thysanoptera were present at web-sites of Linyphiinae when monitored by sticky traps (Aphididae: Mann-Whitney U = 15919·5, P < 0·001; 
Thysanoptera: U = 17525·5, P < 0·001) and quadrats (Aphididae: U = 15880·0, P < 0·001; Thysanoptera: U = 17525·0, P < 0·05). There were also significant differences between the numbers of these two prey taxa captured in the matched non-web-sites of these two subfamilies of spider on sticky traps (Aphididae: U = 16835·0, P < 0·01; Thysanoptera: U = 17148·0, P < 0·01) and quadrats (Aphididae: U = 17148·0, P < 0·01; Thysanoptera: U = 16822·0, P < 0·01). The only other less common prey to differ between sites of Table 2 . Difference between web and non-web-sites of Linyphiinae spiders in the number and biomass of prey captured by sticky traps and within quadrats during 1999. Mean number of Araneae captured in web-centred quadrats are corrected to x + 1 to account for the web-owner 
(b) Sticky traps: prey biomass (mg) (n = 317)
(c) Quadrats: prey number (n = 316) Collembola Tables 2 and 3 Variable Sticky trap Quadrat (a) Web-sites Prey number F 1,424 = 2·05, P = 0·153 F 1,438 = 2·66, P = 0·103 Collembola number F 1,424 = 5·44, P = 0·020 F 1,438 = 10·13, P = 0·002 Prey biomass F 1,424 = 4·62, P = 0·032 F 1,438 = 3·42, P = 0·065 Collembola biomass F 1,424 = 7·44, P = 0·007 F 1,438 = 17·82, P < 0·001 (b) Non-web-sites Prey number F 1,424 = 0·84, P = 0·359 F 1,438 = 3·32, P = 0·069 Collembola number F 1,424 = 7·55, P = 0·006 F 1,438 = 7·87, P = 0·005 Prey biomass F 1,424 = 1·19, P = 0·227 F 1,438 = 4·28, P = 0·039 Collembola biomass F 1,424 = 5·93, P = 0·015 F 1,438 = 10·68, P = 0·001 the two subfamilies were Hymenoptera whose number were significantly higher at non-web-sites of the Erigoninae compared to non-web-sites of Linyphiinae (U = 15482·5, P < 0·05). This could be because, in wheat, hymenopterous eggsac parasitoids of Erigoninae are more prevalent than those attacking eggsacs of Linyphiinae (Van Baarlen, Sunderland & Topping 1994) .
To ensure that the processes we were observing were widespread, data were collected by sampling in four fields with different histories. Not surprisingly, there were large between-field differences in the number and biomass of prey at web-sites ( P < 0·001). The interactions between location (web or non-web-site) and field were not significant, indicating that the same processes were occurring in all fields. The mean number of prey items captured within the field containing the greatest density of prey was 3·6 × and 3·9 × greater on sticky traps and within quadrats, respectively, compared to the field with the lowest prey density.
  
The weight of spiders in different regimes varied significantly after days 12, 24 and 36 days for both females and males (Fig. 2 ) ( P < 0·001). The mean weight of laboratory-reared D. melanogaster [0·95 ± 0·03 mg (n = 20)] enabled the mean biomass consumed per spider per day within each of the six feeding regimes to be estimated. Regression equations for spider weight (x) after 36 days against log 10 prey biomass available (y) for female and male spiders were as follows: Female: y = 0·35x − 1·32; r 2 = 0·68, F 1,79 = 171·29, P < 0·001 Male: y = 1·29x − 2·31; r 2 = 0·86, F 1,74 = 445·50, P < 0·001
   - 
Spiders were weighed to determine the relationship between prey availability in the field and spider weight. E. atra, E. dentipalpis, T. tenuis and B. gracilis were captured in sufficient numbers from web and random nonweb-sites to enable body weight to be analysed (Fig. 3) . Only web-owning T. tenuis were found to be significantly heavier than non-web-owners of the same species (female: F 1,312 = 33·71, P < 0·001; male: F 1,147 = 9·83, P < 0·01). The weight of spiders collected during a separate study in 1998 (Harwood et al. 2001 ) showed a similar species-specific effect for T. tenuis (female: F 1,212 = 13·97, P < 0·001; male: F 1,46 = 5·28, P < 0·05). We analysed first the relationship between spider weight and two dependent variables, prey number and 'field', with the latter set as a categorical variable. The 'field' variable did not improve r 2 values and was removed. A highly significant correlation was found between the weight of field-collected female T. tenuis and the number of prey items present within their website (Fig. 4) , indicating that the weight of female T. tenuis was dependent upon, and related positively to, availability of prey at web-sites. This was despite high levels of background noise in the regression due to sampling across four fields of varying prey density on seven different dates.
Using the equations derived above, it was possible to estimate total prey consumption by field-collected male and female T. tenuis from their body weights, since average summer temperatures in UK wheat fields are comparable to those used for the laboratory experiments (Harwood et al. 2001) . Given that estimated daily consumption by female T. tenuis (mean estimated consumption = 0·65 ± 0·04 mg day −1 ) was significantly greater than by males (0·19 ± 0·01 mg day −1 ) (F 1,461 = 120·46, P < 0·001), analyses were conducted separately for the two sexes. The mean estimated consumption by web-owning female T. tenuis (0·71 ± 0·04 mg day −1 ) was found to be significantly greater than that for non-web-owning individuals (0·29 ± 0·03 mg day −1 ) (F 1,302 = 38·53, P < 0·001). However, this translates Mean weight (± SE) of (a) female and (b) male Tenuiphantes tenuis subjected to six different feeding regimes. Spiders were weighed before the experiment (day 0), and before feeding on days 12, 24 and 36. Spiders in regimes 1-6 were fed one fly every 1, 2, 3, 4, 6 and 12 days, respectively. into web-owning T. tenuis catching on average 5·2 D. melanogaster-sized prey items per week and non-webowners just 2·1. Similarly, the mean estimated consumption of male T. tenuis at web-sites (0·23 ± 0·02 mg day −1 ) was significantly greater than non-web-owning males (0·13 ± 0·01 mg day −11 ) (F 1,147 = 11·11, P < 0·01). This equates to web-owning males consuming 1·7 D. melanogaster-sized prey items per week and those without webs less than one.
Discussion
In the Introduction we posed a series of hypotheses, interrelated to some degree, and we propose to discuss these directly.
The hypothesis that spiders living within a relatively homogeneous ecosystem are able to locate their webs at sites where prey are aggregated at the microhabitat level. This is the first study in which web-sites were paired directly with non-web-sites of comparable microhabitat structure, providing a quantitative measure of website selection efficiency by spiders. We hypothesized that, as their food supply is generally scarce (and also variable in space and time) (Harwood et al. 2001 ), linyphiids will have evolved behavioural mechanisms for exploitation of prey-rich patches. Despite the fact that there are many other factors affecting choice of web-locations (e.g. structural complexity of vegetation, microclimate and/or the avoidance of conspecifics and natural enemies: Samu, Sunderland & Szinetár 1999; Sunderland & Samu 2000; Symondson, Sunderland & Greenstone 2002) , our results show clearly that webs are significantly more likely to be found in areas of higher prey density. Even when comparisons were made between web-sites and carefully matched non-web-sites, in terms of microhabitats, the number and biomass of prey 4 . Relationship between the number of prey at web-sites measured by web-centred quadrats and the weight of female Tenuiphantes tenuis captured at these sites. Data collected from four fields with varying prey availability (+, ᭹, ᭛, ᮀ). Regression: y = 0·17x + 0·47 (r 2 = 0·26, F 1,136 = 25·86, P < 0·001).
trapped at web-sites was 1·4 × (sticky traps) and 1·8 × (quadrats) greater than at non-web-sites. Regardless of trapping system, Collembola were the main prey that were apparently driving web-site selection ( Fig. 1) and were consistently more numerous and of greater biomass at web-sites. Field experiments manipulating Collembola density would be useful to test the strength of these conclusions in an independent way. Quadrat data also showed, however, that numbers and biomass of most other prey were greater at web-sites, suggesting that the spiders were not responding specifically to Collembola but more generally to higher prey density. Despite any dynamic intra-or interspecific interactions between spiders, therefore, which may have affected site residence by individual spiders, the web-sites themselves were associated positively with availability of prey. Over 95% of web-based linyphiids in our study constructed their webs within rows of wheat (often around the bases of wheat stems) rather than in the spaces between rows. Spiders are clearly not constructing their webs solely on the basis of microhabitat structural complexity, but are either selecting a prey-rich position or building at random and then showing greater website tenacity in prey-rich areas. The latter hypothesis is likely given that spiders abandon patches or webs readily if their current location is not perceived as providing sufficient numbers of prey (Janetos 1982; Olive 1982; Persons & Uetz 1998) . The elevated abundance and biomass of prey at web-sites applied across a wide range of prey taxa. Spiders in web-sites were therefore more likely to achieve a mixed diet, which translates in generalist predators to improved survival, development and reproduction, and thus fitness (Greenstone 1979; Toft & Wise 1999; Mayntz & Toft 2001) . Why the prey are themselves aggregated, in microsites within the same microhabitats, may be due to many interacting factors (e.g. responses to aggregation pheromones, spatial clustering of offspring). Although we cannot exclude entirely the possibility that some microhabitat variable was causing such aggregation over a range of very different taxa, even between careful matched microsites, it would appear more likely that the spiders were responding directly to prey aggregations. In a later study, for example, we could find no significant difference in the temperature between web and non-web-sites visually matched for microsite similarity (Sunderland, unpublished data) .
The hypothesis that aggregation to prey density would be determined by the types of prey captured most readily by the contrasting foraging strategies of two spider subfamilies. Earlier we proposed that there were clear parallels between spider web-sites and plants in hay meadows. The foraging strategies of different species of plant allow them to exploit different resources (e.g. deep/shallow rooted species), avoiding direct competition and hence allowing many species to coexist. So too, it seems, with spiders. Separate analyses of prey at web-sites of Linyphiinae and Erigoninae showed that both subfamilies selected microsites with greater prey density than at matched non-web-sites. However, Collembola were significantly more important to Erigoninae, with nearly twice the biomass (sticky traps) of Collembola trapped at their web-sites compared with Linyphiinae. Linyphiinae rarely hunt for prey away from their webs (Alderweireldt 1994a) , and fewer Collembola would be expected within the webs of these spiders, located above ground level, than in the webs of Erigoninae. Nevertheless, Collembola density was still higher at the web-sites of Linyphiinae than at nonweb-sites. For Erigoninae, which regularly hunt away from their webs (Alderweireldt 1994a ), Collembola comprised a major component of available epigeal prey. Overall, however, there was no significant difference in the abundance of prey at the web-sites of Erigoninae compared with Linyphiinae, although the biomass at the sites of Linyphiinae webs was lower. The data show that there were in fact significantly greater densities of non-Collembolan prey at web-sites of Linyphiinae, compared with those of Erigoninae, mainly in the form of Aphididae and Thysanoptera. Nearly twice as many aphids were recovered from the Linyphiinae web-sites. Aphids and Thysanoptera are more likely to be intercepted by the aerial webs of the Linyphiinae when these prey are either falling from above or flying.
The hypothesis therefore appears to be supported: both subfamilies were locating their webs where prey density was higher, but each was aggregating to microsites where the prey spectrum present reflected the prey most likely to be captured by their respective foraging strategies.
The results from analyses addressing these first two hypotheses also argue against the hypothesis that the spiders were simply responding to the same microhabitat cues as their prey. If they were, then, assuming our matching of web-site microhabitats with selected nonweb-sites was accurate, prey density should be the same or lower (through patch depression) at web-sites. This proved not to be the case for either subfamily of linyphiid; indeed, as reported above, prey densities were considerably greater at web-sites. Dynamic relocation within their chosen microhabitats to patches with greater abundance of the types of prey most suited to their foraging strategies would be the most likely explanation. The high levels of competition for web-sites, reported in the literature (Samu et al. 1996; Heiling & Herberstein 1999; Riechert & Hall 2000) , might suggest that a dominant spider looking for a good web-site would find one more rapidly by serially displacing spiders from existing web-sites rather than by random selection of a site that had the right structure and microclimate. The costs of competition can be high (the loser might be eaten) but in an environment where most spiders lacking a good web-site were starving the risks may be worth taking to ensure higher fecundity.
The hypothesis that the different microsites, to which the different spider subfamilies were responding, would show differences in the relative abundance of different types of prey. We proposed (above) that spiders may simply build their webs in response to microhabitatdefined criteria, then move to new sites if prey availability proved to be inadequate. If this is correct then it is microhabitat selection that defines the spectrum of prey present. Comparison of prey density and type at non-web-sites, that were matched to the web-sites of the two subfamilies but not chosen by them as websites, should reflect a similar pattern of the ratios of different types of prey to those at web-sites (discussed above). This proved to be the case, suggesting strongly that the two subfamilies were building their webs in microsites best suited to finding the prey categories caught most readily by their contrasting hunting strategies. There were more Collembola at the non-websites of Erigoninae and more Aphididae and Thysanoptera at the non-web-sites of Linyphiinae (numbers and biomass). These results confirm that our matching of non-web-sites to web-sites must have reflected accurately microsite selection by the two spider subfamilies, and that the microhabitats chosen were significantly different in ways that were reflected in the prey spectra that were found within them.
The hypothesis that locating webs where prey density was higher results in an improved nutritional status for the spiders and that this would affect the web-dependent Linyphiinae more strongly than the less web-dependent Erigoninae. We compared the nutritional status of spiders at web-sites with those captured away from webs. Spider weight was used as a surrogate for nutritional status (Anderson 1974; Nakamura 1977) , which is reasonable given the strong relationship between the rate at which prey were consumed and spider weight (Fig. 2) . Web-owning female and male T. tenuis were considerably heavier (45% and 18%, respectively) than spiders without webs (Fig. 3) , a result supported by a previous year's data (41% and 21%, respectively). This suggests that there is a higher degree of web-dependence by this species than by any of the Erigoninae. Male spiders of most species are found away from their webs more often than females, but this relates to higher male activity, especially mate finding (Alderweireldt 1994b; Anderson & Morse 2001) . There was a highly significant relationship between female T. tenuis weight and availability of prey within microhabitats across four fields with very different overall levels of prey abundance (Fig. 4) . Thus, for the web-dependent T. tenuis at least, web-location at sites with higher prey availability resulted in improved nutritional status. When T. tenuis weights were converted to numbers of prey consumed it was revealed that females in webs may be consuming ∼ 2·5 × as much prey biomass as non-web-owners, and even male web-owners were consuming nearly twice as much as those found away from their web-sites. It is not too surprising that the less web-dependent Erigoninae did not show such a relationship; many of the Erigoninae classed as non-web-owners may indeed have been web-owners, but were simply captured when hunting away from their web-sites. The mean biomass of prey available to Erigoninae during the 3-month monitoring period (0·12 mg prey cm −2 day −1 ) corresponded to approximately one D. melanogaster-sized prey item entering a web every day (cf. feeding regime 1, Fig. 2 ), which is comparable to feeding rates for agricultural spiders in Europe and the United States (Nyffeler & Sunderland 2003) . Consumption by non-web-owning T. tenuis was less than half that of T. tenuis collected from webs, indicating severe starvation.
The measurement of T. tenuis weight from laboratory feeding trials indicated a linear relationship with log 10 prey biomass consumed. This approach to estimation of prey consumption in the field may provide a more rapid model for determining the condition of fieldcollected predators than previously applied techniques (Anderson 1974; Wise 1979; Juliano 1986; Jakob, Marshall & Uetz 1996; Bilde & Toft 1998) . It is, however, important to remember that the model would change if temperatures were higher or lower and/or food quality was better or worse than Drosophila.
It was notable in our study that pest biomass formed a small proportion of the total prey available to the spiders. Non-pest prey (such as Collembola, Diptera and Hymenoptera) are often of greater nutritional value than pests for spiders (Toft 1999) , and can make a major contribution to supporting predator population growth (Sigsgaard, Toft & Villareal 2001 ) which, in turn, increases the contribution that spiders make to pest control (Settle et al. 1996) . T. tenuis was the most abundant linyphiid captured, and could be the most important in terms of biological control due to the construction of large webs which intercept considerable numbers of falling aphids. In addition, the aphids' low escape frequency (Carter et al. 1982) suggests that these spiders could contribute significantly to limiting pest populations. This would be especially important when considering the potential for exploiting the switching capacity of generalist predators by modifying farming practices to boost the detrital food chain early in the season (Wise, Snyder & Tuntibunpakal 1999; Sunderland & Samu 2000) .
In conclusion, differences in foraging strategies by two subfamilies of Linyphiidae resulted in aggregation to microsites with significantly different spectra of prey. Uetz, Halaj & Cady (1999) , while allocating spiders to guilds on the basis of their foraging strategies, made no allowance for differences below the family level. Our data suggest that Linyphiinae and Erigoninae may not substitute for one another within the same taxonomic or functional guild, but rather, by avoiding direct competition through a degree of resource partitioning, can coexist. It may well be that as we increase our knowledge of generalist predator foraging behaviour and prey choice, through detailed field studies such as this, or by using molecular techniques to analyse food webs (Symondson 2002) , the elegance with which apparently functionally similar species intermesh within biologically diverse ecosystems, within their own unique and often narrow niche axes may undermine current attempts to 'lump' species within guilds.
